Data taken with the High Resolution Spectrometer detector at the SLAC storage ring PEP were used to test QED to fourth order in the coupling constant a. The experiment studied four-lepton final states produced at high Q' in e+e interactions at &s =29 GeV. All four final-state particles were detected at large angles with respect to the beam axis. We observed 17 e+e e+e, 24 e+e p+p, and 1 p+p p+p events with pair masses greater than 1 GeV/c for an integrated luminosity of 291 pb '. The complete a QED calculation agrees reasonably well with the data.
I. INTRODUCTION We have tested QED to fourth order in the coupling constant a using data taken with the High Resolution Spectrometer (HRS) at the SLAC storage ring PEP. The following processes were measured and compared with theory: e e~e +e e+e e+e~e+e p+p P P P P In the region of large pair masses and large scattering angles, the cross section for these reactions is about 0.1 pb, a factor of 1000 below the lowest-order annihilation cross section. Despite the smallness of the cross section, these four-lepton processes are easily identified since backgrounds from other processes in the corresponding kinematical region are not significant.
We used in this analysis a Monte Carlo program written by Berends, Daverveldt, and Kleiss' to compare the data with theory. All Feynman diagrams and all possible photon and Z exchanges contributing to fourth order were taken into account, even though, the Z -exchange contributions are negligible at a center-of-mass (c.m. ) energy of 29 GeV. Figures 1(a) - 1(d) show examples from the four groups' of Feynman diagrams resulting in fourlepton final states. The "bremsstrahlung, " the "annihilation, " and "conversion" groups [Figs. 1(a) -1(c)] contribute significantly, while the "multiperipheral" group [Fig. 1(d)] contributes the least since all four leptons were required to be at large angles with respect to the beam axis.
The data were taken with the HRS at the PEP e+e storage ring at a c.m. energy &s =29 GeV and corresponded to an integrated luminosity of 291+7 pb ' as measured with wide-angle Bhabha-scattering events. The HRS shown in Fig. 2 3). Figure 4 shows the E/P distribution of tracks for all events which satisfied criteria (1) - (3) described above. Table I . Table I ). The corresponding total number of data events is ND =73=17+24+1+31. The total data and Monte Carlo results differ by less than 1 standard deviation.
In the observed identified sample there was one e+e p+p event which radiated a photon of 4.6 GeV of energy that made an angle of 31' with the nearest track.
This event cannot be compared separately with theory, since there is no complete calculation for the radiative corrections to order a . Taking into account the acceptance of the HRS detector, the selection criteria applied to the data, the total integrated luminosity of the examined data sample, we find agreement between our results and those from other experiments.
We, too, do not observe any significant deviation from the QED calculations to a .
